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[57] ABSTRACT 

Active phase-shift control is achieved in a hybrid etalon by 
selecting appropriate elements in the photodiode array 22, 
22‘ of FIG. 2 for a prescribed phase-shift. Anegative lens 20, 
(20“) is used to expand the beam spot of the output beams 
P2 16, (P1 18) to the line length of the photodiode array 22, 
(22‘). The signal beam 14 and the LO (local oscillator) beam 
12 are angularly misaligned by the incident beam angle 6 26 
to the 2-face 8 and 6‘ 26‘ to the 1-face 10 (6946), thus 
resulting in the misaligned signal and LO beamlets inside 
the etalon 6. The beamlets from the 2-face 8 comprise the P2 
beam 16 and the beamlets from the 1-face 10 comprise the 
P1 beam 18. The photodiode array 22, 22‘ detects an inter 
ference fringe pattern in the output beams P1 18 and P2 16 
due to the misaligned input beams. The beamlets from the 
2-face 8 and the 1-face 10 have been expanded for illustra 
tive purposes in FIG. 2 lie Within the initial beam diameters 
of the signal 14 and LO 12 beams. Both input beams 12, 14 
are linearly polarized, and the signal beam 14 has a variable 
polarization angle. For a conventional etalon 6 the polariza 
tion angle of the LO beam 12 bisects the crystal axes of the 
input quarter-Waveplate 24. The input quarter-Waveplate 24 
in the signal channel alloWs the polarization angle of the 
signal beam to combine into the overall phase angle of the 
output beams of the hybrid and thereby makes possible to 
have simultaneous phase- and polarization-diversity prop 
erties in the hybrid. 

6 Claims, 7 Drawing Sheets 



U.S. Patent 0a. 31, 2000 Sheet 1 of7 6,141,136 

FIG. 1 

SIG ‘P14 16'7’ P2 
/__/% / A '\ 

20‘ I 

8 l f A Z-FACE 
V 

6~ “Am - v A 
10 l-FACE 

1 3 4 5\~ 
\ 
\ 
\ 

20 \ 



U.S. Patent 0a. 31, 2000 Sheet 2 of7 6,141,136 

FIG. 2 

\ PD ARRAY 

2o 22 

P%16 ‘(aha 

//I'/7'//74/\2-FACE 
ETALON 



Sheet 3 0f 7 3 
Oct. 31, 2000 

FIG. 

PHOTO-DIODE ARRAY 

3 6 

2s 

1» 1.1 

U.S. Patent 

2 2' 

PHOTO-DIODE ARRAY 

3 4 

cI b. av 



U.S. Patent 0a. 31, 2000 Sheet 4 of7 6,141,136 

FIG. 4 

QUTPUT 
2O 
22 

~58 

22' 

20' 

A S (SIGNAL) 



U.S. Patent 0a. 31, 2000 Sheet 5 of7 6,141,136 

FIG. 5 

1.0 

280 

230 

180-: 

130 

?!EEE .- .... Him uni... 

80 
0.8 0.6 0.4 0.2 0.0 



U.S. Patent 0a. 31, 2000 Sheet 6 of7 6,141,136 

FIG. 6 

‘NPUT OUTPUT 

SIG 7A 

9A 1 1A 9c 

4 2'—\ ‘ >—$==' 
_ 9n 2 X 

we 38 
1 

9 B 1 1 B 9 E 

LO ‘ > 7 B 

5 2 

A S (SIGNAL) 
QWP QWP/ETALON 



U.S. Patent 0a. 31, 2000 Sheet 7 of7 6,141,136 

FIG. 7 

0 50 100 150 200 250 300 350 

(I) (degrees) 



6,141,136 
1 

ACTIVE PHASE-SHIFT CONTROL IN 
OPTICAL-HYBRID ETALONS 

BACKGROUND 

1. Field of Invention 
The present invention is in the ?eld of phase-shift control 

in optical-hybrid etalons having simultaneous phase- and 
polariZation-diversity properties. 

2. Discussion of Prior Art 
An unbalanced hybrid produce output Waveforms With 

prescribed phase-shifts from p-branches Whereas in a bal 
anced hybrid the outputs are from 2p-branches For 
example, p=2 corresponds to a 90°-hybrid having tWo out 
puts With quadraturely-phased signals, and p=3 corresponds 
to a 120°-hybrid having three output signals separated by 
120° in phase betWeen ports. Other p-branch versions can 
also be formed. Balanced hybrids generate both a plus and 
a minus phase signal such that When the tWo signals are 
detected by a balanced-pair photodiode the dc components 
of the signals can be subtracted thereby minimizing the LO 
(local oscillator) laser intensity-noise [2] in homodyne 
receivers. The LO intensity noise in unbalanced hybrids can 
also be minimiZed by the use of an auto-balanced photore 
ceiver [3] because the receiver subtracts a reference beam 
(as derived from the LO beam) from the signals. Single 
channel hybrids could be made insensitive to either phase or 
polariZation ?uctuations but not simultaneously to both 
types of ?uctuations. HoWever, simultaneous diversity (or 
immunity) to both phase and polariZation can noW be 
obtained With the recently developed single-channel optical 
hybrid etalons Performance of balanced 90°- and 180° 
hybrid etalons have been reported in reference 

In some hybrids the phase relationship in the output 
beams of a hybrid cannot be changed once a hybrid con 
?guration has been selected. For example, in a ?ber-optic 
hybrid the phase-shift is monitored during the draWing/ 
fusing process in order to ?x a prescribed phase shift in the 
output ?bers of the coupler. The phase relationship betWeen 
the output ?bers cannot be altered after the ?bers have been 
fused In bulk-optic hybrids, generally, the optical com 
ponents are bonded in a miniaturiZed encapsulated package 
and thus cannot be easily re-assembled to other phase 
con?gurations. Limited phase control is possible in an 
integrated-optic hybrid [7] by varying the refractive index of 
the electro-optic Waveguide With an applied electric ?eld. In 
this present invention active phase control in an optical 
hybrid etalon Will be described. 
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SUMMARY 

In the present invention a method has been devised for 
actively controlling the phase-shift in an optical-hybrid 
etalon by introducing a slight angular misalignment in the 
signal and the LO beams in the etalon. The resulting in inter 
reference fringe pattern in the output beam as detected by a 
linear array photodiode gives rise to a spatially-related 
phase-shift signal as mapped out onto the array elements of 
the photodiode. Thus, appropriate array elements can then 
be selected to give any desired phase relationship betWeen 
the output beams. 

Accordingly, it is an object of my invention to create the 
fringe pattern With angularly misaligned beams in a con 
ventional etalon. The fringe pattern is the spatial overlap 
region betWeen the tWo beams Which can be optically 
expanded to the siZe of the linear array photodiode. The 
output processor from the photodiode could furnish either 
balanced or unbalanced outputs having simultaneous phase 
and polariZation-diversity properties 

It is yet another object of my invention to vary the phase 
shift in a QWP (quarter-Waveplate)/etalon by varying the 
etalon re?ectivity R. This requires only a single element 
photodiode detecting of the output beam for co-linearly 
aligned signal and LO beams inside the etalon. 

It is still another object of my invention to transform the 
phase shift in a 90°-hybrid into a 120°-hybrid by 
re-con?guring only the output ports from 4 to 3-ports for a 
?xed etalon re?ectivity of R=0.268 in a hybrid having a 
QWP/etalon. 
A further objective is to create a unique light-beam 

modulator using the 120°-hybrid. 
Further objects and advantages of my invention Will 

become apparent from a consideration of the draWings and 
the ensuing description. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 shoWs the multiple beamlet paths inside the etalon 
When irradiated contra-directionally by the signal and the 
LO beams having the same incident beam angle on opposite 
faces of the etalon. 

FIG. 2 shoWs the angularly misaligned beam paths inside 
the etalon. 

FIG. 3 shoWs the fringe pattern due to the interference of 
the misaligned beams in the etalon. 

FIG. 4 shoWs the module for the hybrid etalon With the 
misaligned incident beams. 

FIG. 5 shoWs the phase shift in the output beams vs 
re?ectivity for a QWP/etalon. 

FIG. 6 shoWs the module for a 120°-hybrid With a QWP 
etalon having a re?ectivity R=0.268 and an etalon phase 
angle lP=(m—1)J'c. 

FIG. 7 shoWs the 120°-hybrid light-beam modulator and 
the phase response of the output beam. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The underlying principle for the optical-hybrid is the 
mixing of linearly polariZed, co-linearly aligned signal and 
LO beams in an etalon as shoWn in FIG. 1. The inventor has 
already shoWn experimentally in reference [5] the perfor 
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mance of a 90°-hybrid having a QWP/etalon and a 180° 
hybrid having a conventional etalon. The key component of 
the hybrid is an etalon Wherein the signal beam 14 and the 
LO beam 12 of diameter D 20‘, 20 are contra-directionally 
incident onto the 2-face 8 and the 1-face 10 of etalon 6, 
respectively. For this illustrative example of the etalon 6, 
both beams 14, 12 are linearly polarized With the same state 
of polariZation. By maintaining equal incident-beam angles 
to the etalon 6, the re?ected signal beam is made co-linear 
to the transmitted LO beam inside the etalon thereby result 
ing in the mixed output beam P2 16; likewise, the re?ected 
LO beam is also made co-linear to the transmitted signal 
beam resulting in the mixed output beam P1 18. For coherent 
light sources the mixed internally-re?ected beamlets 1‘, 2‘, 
3‘, 4‘, 5‘ comprise the output interference beam P2 16 and the 
mixed re?ected beamlets 1, 2, 3, 4, 5 comprise the output 
interference beam P1 18. Nor small beam angles, the 
re?ected beamlets in a Fabry-Perot etalon occur Within the 
beam diameter D 20, 20‘. For large beam angles and loW 
re?ectivity etalons some beamlets such as 5, 5‘ could occur 
external to the main beam diameter D 20, 20‘. Etalons are 
frequently confused With slab Waveguides because of the 
similarity in the zigzag light beam path in the substrate. The 
etalon is inherently different from a slab Waveguide. 
Operationally, etalons rely on interference phenomena, 
Whereas, slab Waveguides do not and are used typically for 
multi-beam combiners and splitters With relatively large 
internodal spacing betWeen beamlets (for examples, see 
references [8], [9], and [10]). 

Active phase control is achieved in an etalon With mis 
aligned signal 14 and LO 12 beams having slightly different 
incident beam angles 6 26 and 6‘ 26‘ (68:6) to the etalon 6 
faces 8, 10 as shoWn in FIG. 2. The LO beam 12 is incident 
to the 1-face 10 of the etalon 6 and the signal beam 14 is 
incident to the 2-face 8. The beam angle 6 is adjusted to 
satisfy the etalon phase angle IP=(4J'cnd/)t)cos (6)=(2 m-1 )J'c 
requirement for a conventional etalon as prescribed in 
references [4] and [5] Where )L is the free-space Wavelength, 
n is the refractive index of the etalon, d is the etalon 
thickness, and m=1,2,3, . . . Both input beams 12, 14 are 
linearly polariZed, hoWever the signal beam 14 has a vari 
able polariZation angle 05. A QWP 24 interposed betWeen 
the input port of the signal 14 and the 2-face 8 of the etalon 
6 alloWs 05 to be combined into the overall phase angle of 
the output beam P1, (P2) 18, (16). The polariZation plane of 
the LO beam 12 bisects the QWP 24 crystal axes for a 
conventional etalon 6; Whereas, for a Waveplate etalon the 
crystal axes of the etalon bisect the axes of the input QWP 
24 and the polariZation plane of the LO beam 12 is oriented 
parallel to either axis of the input QWP 24. The misaligned 
beamlets from the 2-face 8 comprise the output beam P2 16, 
and the misaligned beamlets from the 1-face comprise the 
output beam P1 18. The interference betWeen the misaligned 
signal and LO beamlets in the etalon 6 creators a fringe 
pattern in the beam spot of the output beams P1 18 and P2 
16. A negative cylindrical lens 20, (20‘) expands the beam 
spot of P2 16, (P1 18) to the line length of the photodiode 
array 22, (22‘) having elements abc . . . , (a‘b‘c‘ . . . ).Asingle 

element of the linear-array photodiode corresponds to the 
phase of a discrete spatial point in the fringe pattern. For a 
prescribed phase-shift in a p- or 2p-branch con?guration in 
the hybrid output, appropriate elements of the array can be 
actively selected electronically by a photodiode processor 
unit. By electronically squaring and summing the photo 
diode currents of the output beams from the selected ele 
ments of the photodiode array 22, 22‘ the resulting electrical 
output signal from the photodiode processor has simulta 
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4 
neous diversity to the polariZation angle of the input signal 
and to the phase of both input beams. 

Interference of misaligned bear is can be readily under 
stood from the concept of tWo planar-Wavefronts that are 
tilted to each other thus resulting in a fringe pattern for a 
tilted-plate interferometer. When observed on the photo 
diode array 22, 22‘ on a plane normal to the propagation 
direction of the Wavefronts, the fringe pattern has a spatial 
period x0 along the array length 

A (1) 
x0 : 

n(A6o) 

Where A60 is a very small misaligned beam angle such that 
the phase shift across the beam diameter corresponds to a 
full 275 period. Thus, the phase shift 4) as mapped out 
spatially on the array elements 22abc . . . , 22‘a‘b‘c‘ . . . by 

the tilted Wavefronts is 

Where the unscripted x and A6 are not limited in magnitude. 
The phase 4) is combined into the overall phase angle of the 
output beams P1, (P2) 18, (16) from the etalon facet 10, (8) 
in FIG. 2. For example for p=2, the outputs at the 2-face 8 
and the 1-face 10 of the etalon have interference components 

(3) 
Where (I) is the phase angle difference betWeen the signal and 
the LO lightWave beams, 05 is the polariZation angle of the 
signal Wave, and (1)2 and (1)1 are the phase angles selected 
from the array elements 22abc . . . , 22‘a‘b‘c‘ of the detector. 

For example, by selecting those array elements for ¢1=0° 
and ¢2=90°, the output becomes P1~cos (CID-0S) and P2~sin 
(CID-0S) Which are quadrature components for a 90°-hybrid. 
Alternatively, tWo different elements in the same photodiode 
for a given face of the etalon 6 can be selected instead to give 
the same phase shifts of 0° and 90°. Other combinations in 
phase shifts from the plurality of array elements 
22abc . . . , 22‘a‘b‘c‘ . . . could be actively selected elec 

tronically by means of a processor interfaced to the photo 
diode. 

FIG. 3 shoWs the intensity and phase relationships of the 
output beams P1 18 and P2 16 for the angularly misaligned 
input beams. The fringe pattern as expanded by the negative 
cylindrical lens 20‘, (20) gives the intensity distribution 30, 
(32) for the output beam 18, (16). The spatial scale factor x 
and the corresponding phase scale 4) of the photodiode array 
22‘, (22) are given in the abscissa 28. The linear relationship 
betWeen the phase 4) and the spatial factor x is indicated in 
34, 36. The photodiode array 22‘, (22) is in the same 
direction as x; thus, the array elements a‘b‘c‘ . . . , (abc . . . ) 

dissect the fringe pattern into discrete “phase-packets” 
Which are then electronically processed for use in a pre 
scribed format. 
An implementation of the phase shift controlled hybrid 

etalon is shoWn in the module 56 of FIG. 4 With a conven 
tional etalon 6 (alternatively, a Waveplate etalon could be 
used as Well). GRIN (gradient index) lenses 9A, (9B) are 
used for coupling the signal and the LO light beams into the 
beam-steering prism mirrors 7A, (7B). An input QWP 24 
interposed in the signal channel alloWs the signal polariZa 
tion angle 05 to combine into the overall phase angle of the 
output beam. The output beams from the etalon 6 faces are 
compactly folded by the right-angle prism mirrors 11A, 11B, 
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11C, 11D. The output beam spots are expanded to the siZe 
of the linear array photodiode 22, (22‘) by the negative 
cylindrical lenses 20, (20‘). An electronic processor 58 is 
interfaced to the photodiodes 22, 22‘ for the purpose of 
selecting prescribed phase-shift con?gurations from the 
hybrid output. As shoWn in the polar diagrams 46 and 54 the 
polariZation plane of the linearly polariZed LO beam is ?xed 
and bisects the F (fast) and S (sloW) crystal axes of the input 
QWP 24 for a hybrid having a conventional etalon 6; 
Whereas, the linearly polariZed signal beam has a variable 
polariZation angle 65 as indicated in the diagram 46. The 
etalon 6 could also be a Waveplate instead, in Which case the 
F and S axes of the etalon 6 and the QWP 24 bisect each 
other and the polariZation plane of the LO beam is then 
oriented parallel to either axis of the QWP 24. 

The etalon re?ectivity R can also control the phase-shift 
in the hybrid output. It can be shoWn from the 90°-hybrid 
equations derived in reference [5] that the modi?cation of 
the hybrid con?guration from 4-ports to 3-port results in a 
120°-hybrid having simultaneous phase- and polariZation 
diversity properties similar to the 90°-hybrid for the same R 
value. The output beam poWer from the modi?ed 90°-hybrid 
are 

Where (I>‘=((I>—6S), and PL and P5 are the LO and the signal 
beam poWer, respectively. The trigonometric identities of 
equations (8) and (9) are used for transforming the equations 
for the output beams from the 2-face in reference [5] to the 
expressions in equations (5) and (6) Which shoW explicitly 
the dependence on the phase shifts a and b in the hybrid 
output as controlled by the re?ectivity R in equation A 
plot of equation (7) in FIG. 5 shoWs the angular separation 
betWeen a and b diverging from a minimum of 90° to a 
maximum of 180°. Thus, R=tan 15°=(2—\/3)=0.268 provides 
uniquely the required phase shifts of a=120° and b=240° for 
the 120°-hybrid as shoWn by x’s in FIG. 5. R=0.268 is also 
equal identically to the value required for producing bal 
anced outputs from the 90°-hybrid etalon. From equations 
(4), (5), and (6) the output beams from the 120°-hybrid for 
R=0.268 can then be re-Written as 

(10) 

1 1 1 — , o (11) 

P”: 5PM gpr 5\/2PLPS cos(<I> +120) 

(12) 

The implementation for the 120°-hybrid is shoWn in the 
module 52 in FIG. 6. Inside the QWP/etalon 38 the signal 
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6 
and LO beams are co-linearly aligned (similar to the 
co-linear beam path geometry in FIG. 1) by steering the 
beams to equal incident beam angles at the etalon faces With 
the beam-steering prism mirrors 7A, 7B. The incident beam 
angle is selected to make the etalon phase angle IP=(m—1)J'c 
Which is the same as for the 90°-hybrid QWP/etalon in 
references [4] and The mixing of the co-linearly aligned 
signal and LO beams inside the QWP/etalon generates the 
output interference beams P1 and P2. The layout for the 
module is similar to that of FIG. 4 except for the the 
re-direction of the P2 beam (by prism mirror 11A) into the 
polariZing beam splitter 40 Which splits out orthogonally 
polariZed components Pzy and P2X. The beam splitter 40 
re-directs the y-polariZed output Pzy into the GRIN lens 9C, 
and prism mirror 42 re-directs the x-polariZed output P2X 
into the GRIN lens 9D. The P1 output is re-directed by prism 
mirrors 11B and 11C into GRIN lens 9E. The polariZation 
states of the signal and the LO beams are indicated in the 
diagram of 46 (the LO beam could be aligned just as Well 
along the x-axis). The orientation of the F and S axes of the 
input QWP 44 (shoWn in diagram 48) bisect the F and S axes 
of the QWP/etalon 38 (shoWn in diagram 50). The linearly 
polariZed signal beam initially transmits through an input 
QWP 44 Which alloWs the polariZation angle 65 of the beam 
to combine into the overall phase angle of the output 
lightWave. Balanced outputs from a 120°-hybrid require 
6-ports; hoWever, the QWP/etalon 38 has only 3-ports 9C, 
9D, 9E Which means the in-phase LO laser intensity-noise 
current [associated With the PL term in equations (10), (11), 
and (12)] Will degrade detector performance as described in 
reference HoWever, an auto-balanced 3-channel photo 
receiver optically coupled to the output ports 9C, 9D, 9E can 
be used to minimiZe the noise of the LO beam because the 
receiver subtracts the reference LO from the signal 
photocurrents, thereby canceling noise signals common to 
both channels as described in reference This places an 
additional poWer demand on the LO laser source because the 
reference beam to the photoreceiver is derived from the 
same LO source. If the three capacitively coupled output 
currents A, B, C from the photoreceiver are electronically 
squared and summed for a coherent receiver application, the 
resulting signal is (1/3)r2PLPS (Where r is the responsivity of 
the photodiode) Which is independent of both phase and 
linear polariZation ?uctuations. For a ?ber sensor applica 
tion Where the measurand is phase 4), the signal can be 
recovered electronically in real time by using a signal 
processing algorithm as given by the integral 

Where t is time, and A, B are for a given pair of output 
signals from the 120°-hybrid. The signal can be enhanced by 
summing additional processors for pairs A, C and B, C. 
The 120°-hybrid etalon can be used in a light beam 

modulator because the output Waveforms Pzy an P2X have a 
very high modulation index [de?ned as (Imax—Im,-n)/(Imax+ 
Imin) Where Imax and 1mm are the maximum and minimum 
levels of the output response, respectively]. The phase 
response for Pzy from equation (5) is plotted in the graph of 
FIG. 7 for R=0.268 and R=0.5. P2X (not plotted) has a similar 
response but plase shifted by 120° from Pzy for R=0.268 and 
shifted by 143° for R=0.5. Increasing the etalon re?ectivity 
R increases the modulation index to 99.4% for R=0.50 as 
compared to 94.2% for the R=0.268 re?ectivity. For the 
modulator in the module unit 72 of FIG. 7 the collimated 
light beam from the laser 60 is split and re-directed by the 
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beamsplitter 62 and the mirror 64 into tWo beams for the 
signal and LO input ports of the 120°-hybrid 52. A phase 
shifter 66A, 66B is placed in each input port of the hybrid 
52. In this example, the phase shifter 66B in the LO port is 
used for phase biasing as controlled electronically by the 
bias controller 70; Whereas, the phase shifter 66A in the 
signal port is used for digital modulation of 1’s and 0’s as 
controlled electronically by the phase-encoder 68 driven by 
the input data line 74. The importance of phase biasing is 
shoWn in the graph of FIG. 7. For digital modulation the 
phase bias should be either at point a (70°) corresponding to 
a digital 1 or at point c corresponding to a 0 (250°) for the 
R=0.5 curve. Digital modulation requires 180° phase-angle 
sWitching in the phase shifter 66A; for example, by phase 
sWitching periodically from bias point to bias point (a to c, 
c to a, etc.) a string of 1’s and 0’s are generated as light 
pulses in the Pzy Waveform having nearly a 100% modula 
tion index. A similarly modulated output also occurs for the 
P2X output; hoWever, the Waveform is phase-shifted by 143° 
for an etalon re?ectivity R=0.5. The output beam P1 is also 
digitally modulated With the same differential signal inten 
sity as in the P2 beams; hoWever, the Waveform has a high 
dc intensity level Which limits the modulation index of the 
Waveform to less than 50%. For a phase detector application 
the phase bias is located at the in?ection point of the linear 
portion of the transfer curve at point b (160°) and the 
encoder 68 is noW used as a signal conditioner. 

In summary, active phase-shift control in hybrids can be 
achieved by introducing a very small angular misalignment 
in the signal and LO beams in the etalon. The elements of a 
linear-array photodiode detect and map-out spatially the 
intensity and phase of the interference fringe pattern of the 
output beams. Appropriate elements from the array can then 
be selected for the prescribed phase shifts in a p-branch 
hybrid. Phase-shift control can also be achieved in a QWP/ 
etalon by varying the etalon re?ectivity. In particular for a 
re?ectivity of R=0.268 the hybrid can be used either as a 
90°- or a 120°-hybrid depending upon the geometrical 
con?guration of the output ports. The 120°-hybrid can also 
be used in a light beam modulator or as a phase detector. As 
far a I have been able to determine from my literature search 
in technical journals and patents, active phase-shift control 
in optical hybrid etalons has not been reported in the 
unclassi?ed literature. While my above description contains 
many speci?cations, these should not be construed as limi 
tations on the scope of the invention, but rather as an 
exempli?cation of several preferred embodiments thereof. 

I claim: 
1. A method for active phase-shift control in an optical 

hybrid etalon, comprising the steps of: 
(a) irradiating an etalon With misaligned input beams 

having slightly different incident bean angles on oppo 
sites faces of said etalon Wherein said input reams are 
linearly polariZed; 

(b) generating an interference fringe pattern from output 
beams on said faces by beam mixing means of said 
misaligned input beams in said etalon; 

(c) expanding said fringe pattern by optical means to the 
siZe of a linear array photodiode; 

(d) detecting intensity of said fringe pattern in said array 
photodiode thereby mapping out spatially the phase of 
said fringe pattern onto elements of said array photo 
diode; and 

(e) converting said output bean is of said etalon into 
electrical signals in said photodiode and selecting by 
photodiode processor means appropriate elements from 
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said array photodiode for a prescribed phase-shift con 
?guration of said hybrid etalon Wherein a single ele 
ment from said array photodiode corresponds to the 
phase of a discrete spatial point on said fringe pattern. 

2. The method of claim 1 Wherein internally-re?ected 
beamlets of said etalon are generated by mixing means of a 
?rst input lightWave beam made incident to ?rst face of said 
etalon and a second input lightWave beam transmit ted 
through an input quarter-Waveplate made incident to second 
face of said etalon Whereby said beamlets transmitted 
through partially re?ecting faces of said etalon comprise 
said output beams of said hybrid. 

3. The method of claim 2 Wherein: 
(a) plane of polariZation of said ?rst input beam bisects 

crystal axes of said input quarter-Waveplate in said 
hybrid having a conventional etalon thereby alloWing 
polariZation angle of said second input beam to com 
bine into the overall phase angle of said output beams 
by beam mixing means; and 

(b) said electrical signals selected from said elements of 
said array photodiode are electronically squared and 
summed by said photodiode processor means Whereby 
said output of said hybrid has simultaneous phase- and 
polariZation-diversity properties. 

4. An optical hybrid having phase-shift control, compris 
ing of: 

(a) an etalon irradiated by an input local oscillator beam 
is made incident onto ?rst face of said etalon and an 
input signal beam transmitted through an input quarter 
Waveplate is made incident onto second face of said 
etalon Wherein said input beams are linearly polariZed; 

(b) said input beams are angularly misaligned by beam 
steering means thereby presenting slightly different 
incident beam angles on said faces of said etalon; 

(c) an interference fringe pattern generated from output 
beams of said faces by beam mixing means of said 
misaligned input beams; 

(d) polariZation plane of said local oscillator beam bisect 
ing crystal axes of said input quarter-Waveplate in said 
hybrid having a conventional etalon thereby alloWing 
polariZation angle of said input signal beam to combine 
into the overall phase angle of said output bean is by 
mixing means; 

(e) detection of said fringe pattern by a linear array 
photodiode thereby mapping out spatially the phase 
and intensity of said fringe pattern onto elements of 
said photodiode Wherein a single element from said 
array photodiode corresponds to the phase of a discrete 
spatial point on said fringe pattern; 

(f) conversion of said output beams of said etalon into 
electrical signals in said array photodiode and elec 
tronic selection of appropriate elements of said array 
photodiode by photodiode processor means Whereby a 
prescribed phase-shift con?guration is obtained in said 
hybrid etalon; and 

(g) the electrical signals from said selected elements of 
said array photodiode are electronically squared and 
summed by said photodiode processor means thereby 
providing simultaneous phase and polariZation diver 
sity properties to said hybrid. 

5. A 120°-hybrid etalon, comprising the steps of: 
(a) an input local oscillator beam a is made incident onto 

?rst face of a quarter-Waveplate etalon and an input 
signal beam transmitted through an input quarter 
Waveplate is made incident onto second face of said 
etalon Wherein said input beams are linearly polariZed; 
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(b) polarization plane of said local oscillator beam bisects 
crystal aXes of said quarter-Waveplate etalon and crys 
tal aXis of said input quarter-Waveplate is oriented 
parallel to said polariZation plane of said local cscillator 
beam; 

(c) providing substantially an etalon phase angle 1P=(m— 
1):‘5 by beam steering means; 

(d) mixing co-linearly said input beams inside said etalon 
With said input beams having equal incident beam 
angles to said faces of said etalon thereby generating 
output interference beams from said faces of said 
quarter-Waveplate etalon; 

(e) said output beam from said second face of said 
quarter-Waveplate/etalon is split into tWo orthogonally 
polariZed output beams by a polariZing beam-splitter 
Whose aXis is oriented parallel to said crystal aXis of 
said input quarter-Waveplate; 

(f) varying phase-shift betWeen said tWo orthogonally 
polariZed output beams by means of varying re?ectivity 
R of said faces of said quarter-Waveplate etalon; 

(g) phase shifting said tWo orthogonally polariZed output 
beams by 120° from one another by beam miXing and 
beam splitting means and by providing substantially 
said re?ectivity R=0.268 to said faces of said etalon 
Wherein said output beam from said ?rst face has a 
relative 0° phase angle and said tWo orthogonally 
polariZed output beams from said second face have 
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120° and 240° phase angles With respect to said relative 
0° phase angle of said output beam from said ?rst face; 
and 

(h) providing photodiode detection and conversion of said 
output beams from said ?rst and second faces of said 
etalon into electrical signals and electronically squaring 
and summing said electrical signals by photodiode 
processor means thereby providing simultaneous phase 
and polariZation diversity properties in said hybrid. 

6. The 120°-hybrid of claim 5, further including in a 
module unit: 

(a) a light beam from a laser source re-directed into signal 
beam and local oscillator beam ports of said hybrid by 
beamsplitting means; 

(b) said re?ectivity R made greater than 0.268 on faces of 
said etalon thereby achieving nearly 100% modulation 
indeX in output Waveforms from said second face of 
said hybrid; and 

(c) phase shifters interposed in said input ports of said 
hybrid Wherein one phase shifter biases for optimum 
phase angle for said hybrid by bias control means and 
second phase shifter modulates said signal beam of said 
hybrid by phase encoder means Whereby said module 
unit performs as a light beam modulator or as a phase 
detector. 
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